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This study focused on evaluating the water quality of the Bokro stream for its suitability for irri-
gation purposes.  Among the water quality parameters xamined were pH, total dissolved solids, 
conductivity, dissolved oxygen, hardness, major ions and concentration of some trace metals. 
The results revealed that most of the parameters examined were below the FAO limits for irriga-
tion water. The results also indicated that nutrient concentrations (Sulphate, Nitrate-Nitrogen 
and Phosphate-Phosphorus) from the stream were far below the usual ranges in irrigation wa-
ter. Based on values calculated for Sodium Adsorption Ratio and electrical conductivity, the wa-
ter source could be described as possessing low salinity hazard and therefore no permeability 
problems are expected for the soils. In addition, human activities along the banks of the stream 
and inflow of untreated domestic sewage from communities in the catchment area of the stream 
were found to have great impact on the quality of water from the stream. Water from the stream 
will have no adverse effect on the soil when it is u e for irrigation. 
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INTRODUCTION 
The suitability of water for irrigation is deter-
mined not only by the total amount of salt pre-
sent but also by the kind of salt. Various soil 
and cropping problems develop as the total salt 
content increases (Ayers and Westcot, 1994). 
Water quality or suitability for use in irrigation 
is judged on the potential severity of problems 
that can be expected to develop during long-
term use. The problems that result vary both in 
kind and degree, and are modified by soil, cli-
mate and crop, as well as by the skill and 
knowledge of the water user. As a result, the 
suitability of water for use in irrigation is deter-
mined by the conditions of use which affect the 
accumulation of the water constituents and 
which may restrict crop yield. The soil prob-
lems most commonly encountered and used as 
basis to evaluate water quality are those related 
to salinity, water infiltration rate, phytotoxicity 
and a group of other miscellaneous problems 
such as high nitrogen concentrations in the wa-
ter which supplies nitrogen to the crop and may 
cause excessive vegetative growth, lodging, 
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and delayed crop maturity (Ayers and Westcot, 
1994). 
 
The physical and mechanical properties of the 
soil, such as dispersion of particles, stability of 
aggregates, soil structure and permeability, are 
very sensitive to the type of exchangeable ions 
present in irrigation water (Ayers and Westcot, 
1994). Another aspect of agricultural concern is 
the effect of dissolved solids (TDS) in irriga-
tion water on plant growth. Dissolved salts in-
crease the osmotic potential of soil water; this 
will lead to increase in the amount of energy 
which plants use to take up water from the soil. 
As a result, respiration is increased and the 
growth and yield of most plants decline pro-
gressively as osmotic pressure increases. In 
addition ions which are beneficial at relatively 
low concentrations may become toxic to plants 
at high concentration, either through direct in-
terference with metabolic processes or through 
indirect effects on other nutrients, which might 
be rendered inaccessible (Morishita, 1988). 
 
In urban and peri-urban areas of most develop-
ing countries, the use of wastewater for irriga-
tion is a common practice. Even in areas where 
other water sources exist, small farmers often 
prefer wastewater because its high nutrient con-
tent reduces or even eliminates the need for 
expensive chemical fertilizers. Wastewater is 
also used in agriculture because of the competi-
tion for freshwater by other water users 
(domestic and industrial). However, the use of 
wastewater in its untreated form could have 
negative impact on public health and the envi-
ronment. 
 
The upsurge of urban populations has far out-
paced urban sanitation infrastructure.  About 
2.4 billion people in the developing world lack 
access to basic sanitation and about two-thirds 
of the population in developing world have no 
hygienic means of disposing of excreta with 
even a greater number lacking adequate means 
of disposing of wastewater. In Ghana about 
85% of wastewater generated from urban cen-
ters ends up in streams and drainages in their 
untreated form. This water is used by small-
holder farmers to irrigate their crops (Drechsel 
et al., 2006). It is estimated that about 3,300 ha 
of land is irrigated with wastewater mainly in 
the dry seasons. This is an equivalent of about 
60% of the total area currently under formal 
irrigation schemes in the country (Keraita, 
2002). 
 
In this study, water quality in the Bokro stream 
which is used for irrigation of vegetables in 
Kumasi was assessed. The stream serves as 
sink for industrial and domestic wastes gener-
ated in townships such as Kentinkrono, Boadi 
and Ayeduasi through which the stream passes. 
Human and other developmental activities are 
sited very closely to the banks of this river. In 
Kentinkrono and Boadi, most of the drains and 
gutters in the entire township are channeled 
into the stream. Water from this stream is used 
to irrigate vegetable farms along its banks dur-
ing the dry season. The aim was to measure 
some physico-chemical parameters of the 
Bokro stream and to ascertain whether water 
from this stream is suitable for irrigation. 
 
MATERIALS AND METHODS 
Sampling procedure 
Six sampling sites were selected at irrigated 
areas along the stream. Three were at Kentink-
rono upstream and the other three at Boadi 
downstream of the Bokro stream.  Water sam-
ples were collected from these sites during the 
dry seasons of 2007 and 2008. Water samples 
were collected into 1L plastic bottles. The bot-
tles had previously been cleaned by washing 
with detergent, thoroughly rinsed with tap wa-
ter, soaked in 10% HNO3 solution overnight 
and finally rinsed with deionised water and 
dried in an oven. At the sampling sites, sample 
bottles were rinsed three times with stream wa-
ter before filled. The samples were kept in ice 
box and transported to the laboratory immedi-
ately and stored in the refrigerator at about 4oC
prior to analysis.  Electrical conductivity (EC), 
pH and turbidity were measured while collect-
ing the samples using Hanna portable conduc-
t vity meter [model: HI 8733], Fisherbrand Hy-
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drus 100 pH meter equipped with glass elec-
trode and Hanna Instruments LP2000 Turbidity 
meter respectively. Procedures outlined in the 
Standard Methods for the Examination of Wa-
ter and Wastewater were followed for the 
analyses of all the chemical parameters 
(APHA, 1998).  
 
Sample digestion 
Digestion of the samples was done using the 
open-beaker procedure (DWAF, 1992; Fatoki 
and Mathabatha, 2001). Concentrated nitric 
acid (5 ml) was added to 50 ml of sample of 
water in a 100 ml beaker. This was heated on a 
hot plate to boil until its volume reduced to 20 
ml. Another 5 ml of concentrated nitric acid 
was added and then heated for another 10 min 
and allowed to cool. About 5 ml of nitric acid 
was used to rinse the sides of the beaker; the 
solution was quantitatively transferred into a 50 
ml volumetric flask and made up to the mark 
with distilled water. A blank solution was simi-
larly prepared. Heavy metal analysis was done 
using Perkin Elmer (5100) atomic absorption 
spectrophotometer (AAS) with deuterium back-
ground corrector. Determinations were carried 
out in air/acetylene flame using hollow cathode 
lamps of each metal as radiation source. Prior 
to analysis the AAS was calibrated according to 
the manufacturer’s manual.  Calibration curves 
were established using internal and external 
standards. Recovery value were nearly quanti-
tative (>95%) for all the metals. Limits of de-
tection of the analysed metals were determined 
as thrice standard deviation of the lowest de-
tectable concentrations by the AAS from the 
mean of three replicate analyses. Procedural 
blanks and duplicates were run alongside as 
part of the quality assurance program.  
RESULTS AND DISCUSSION 
The accepted pH for irrigation water range 
from 6.5 to 8.4 (Ayers and Westcot, 1994). 
Results recorded mean values of pH as 
6.88±0.02 and 6.30±0.30 for USW and DSW 
respectively. Since these values were within the 
standard range for irrigation, the water source 
could be termed as good for irrigation purposes 
and may not give problems either in system 
corrosion or causing calcium and magnesium to 
Parameters Average Values Accepted values for irriga-
tion water (FAO, 1985) USW DSW 
Temperature (oC) 27.0±0.14 26.8±0.72 - 
pH 6.88±0.02 6.30±0.30 6.0 – 8.5 
TDS (mg/l) 102.01±2.92 55.11±2.0 0 – 2,000 
EC (dS/m) 0.164±0.01 0.09±0.003 0 – 3 
Turbidity (NTU) 14.23±0.12 34.01±2.0 - 
SO4
2- (mg/l) 1.0±0.20 2.3±0.20 0 – 2,000 
Br- (mg/l) 0.59±0.07 0.22±0.034 - 
Cl- (mg/l)) 0.32±0.05 0.12±0.02 0 – 1,100 
Ca2+ (mg/l) 4.40±0.17 6.11±0.30 0 – 800 
Mg2+ (mg/l) 2.65 ±0.25 2.01±0.86 0 -120 
Na+ (mg/l) 10.01±0.33 13.12±2.81 0 – 900 
NH4
+-N (mg/l) 0.01±0.02 0.04±0.01 0 – 5 
NO3
--N (mg/l) 0.006±0.01 0.004±0.01 0 – 10 
PO4
3- (mg/l) 0.08±0.03 0.04±0.02 0 – 2 
*USW = upstream water sample 
*DSW = downstream water sample 
 
Table 1: Average concentration of physico-chemical parameters measured in the water samples from 
the Bokro stream (n = 24) 
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where: Na represent sodium ion concentration; 
Ca represent calcium ion concentration and Mg 
represent magnesium ion concentration. The 
ionic concentrations are expressed in meq/l.  
 
Sodium, absorption ratio (SAR) value between 
1-3 and EC less than 0.7 dS/m indicates that the 
water has no potential to affect infiltration rate 
of water into the soil (Davidson et al., 2000). 
Mean SAR calculated for the USW and DSW 
samples were 0.9 and 1.4 respectively. With 
SAR values less than 4, no permeability prob-
lems are expected for soils irrigated with water 
from this stream and therefore there is no de-
gree of restriction on use of water from this 
stream in this connection (Davidson et al., 
2000: Hergert and Knudsen, 1997). 
 
Sulphate ion is a major contributor to salinity in 
many irrigation waters. However, toxicity is 
rarely a problem, except at very high concentra-
tions where high sulphate may interfere with 
uptake of other nutrients. Sulphate in irrigation 
water also has fertility benefits.  The values 
obtained (1.0±0.20 mg/l and 2.3±0.20 mg/l) for 
samples taken from upstream and downstream 
respectively fall within the United State Envi-
ronmental Protection Agency (US EPA) per-
missible range of 0-2000 mg/l (EPA, 2004). 
Results for NO3
- and NH4
+ were extremely low 
and may not pose any significant effect on the 
usability of the water from this stream for irri-
gation purposes. 
 
Irrigation water that contains certain ions 
(Boron, sodium and chloride) at concentrations 
above threshold values can cause plant toxicity 
problems. The degree of damage depends on 
the crop, its stage of growth, the concentration 
of the toxic ion, climate and soil conditions 
(James et al., 1982).  
 
 
form insoluble minerals leaving sodium as the 
dominant ion in solution. 
 
Total salt concentration (total dissolved solids) 
is one of the most important agricultural water 
quality parameters. This is because the salinity 
of the soil water is related to, and often deter-
mined by, the TDS of the irrigation water 
(Kandiah, 1990). Dissolved salts in irrigated 
water can reduce water availability to the crop 
such that crop yield and rate of plant growth are 
affected. Yield reductions occur when the salts 
accumulate in the root zone to that the crop is 
no longer able to extract sufficient water from 
the salty soil solution.  Equally, the rate of ac-
cumulation of salts in the soil, or soil saliniza-
tion, is also directly affected by the salinity of 
the irrigation water. According to guidelines for 
evaluation of water quality for irrigation 
(Hergert and Knudsen, 1997), water with EC 
values less than 0.7 dS/m and TDS values less 
than 450 mg/l has low salinity level. From Ta-
ble 1, the mean values of EC and TDS obtained 
for USW and DSW samples were below these 
recommended values. The irrigation water can 
therefore be classified as having low salinity 
hazards and therefore may not pose any injury 
to the crops. 
 
Sodium is a unique cation because of its effect 
on soil. It can causes adverse physico-chemical 
changes in soil when present in exchangeabl  
form, particularly to soil structure. It has the 
ability to disperse soil when present above a 
certain threshold value, relative to the concen-
tration of calcium and magnesium. Dispersion 
of soils results in reduced infiltration rates of 
water and air into the soil. Irrigation water 
could be a source of excess sodium in the soil 
solution and hence it should be evaluated for 
this hazard (Hergert and Knudsen, 1997). 
 
The most reliable index of sodium hazard of 
irrigation water is Sodium Absorption Ratio 
(SAR). The (SAR) is defined by the formula 
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 highest concentration of 6.92 mg/l and 13.90 
mg/l for USW and DSW, respectively. Concen-
trations obtained for Fe in both samples were 
higher than the recommended maximum con-
centration quoted by FAO as 5.0 mg/l. This 
could cause soil acidification and loss of avail-
ability of essential phosphorus and molybde-
num. However, this water could still be good 
for irrigation if soils are well aerated (Abdel-
Magid, 1995). Concentrations of Lead were 
less than 0.01 mg/l which is the recommended 
maximum concentration of the elements in irri-
gation water quoted by FAO. Hence the water 
source considered good for irrigation purposes 
because it is not likely to pose any inhibition 
effects on plants growth and yield. Nickel plays 
an important role as an essential element in all 
living systems. In this work the concentration 
of nickel was found ranging from an average of 
0.05 ±0.02 mg/l to 0.10±0.01 mg/l in the up-
stream and downstream samples respectively. 
Reduced toxicity to sensitive crops is expected 
since concentrations were below the recom-
mended value of 0.2 mg/l set by the FAO for 
irrigation water (FAO, 1985).  
 
Cadmium strongly adsorbs to organic matter in 
soils. Soils that are acidified enhance the cad-
mium uptake by plants. This is a potential dan-
ger to animals that depend on plant for survival. 
Earthworms and other essential soil microor-
ganisms are extremely susceptible to cadmium 
poisoning. They die at very low concentrations 
and this has consequences on the soil structure. 
Cadmium is biopersistent and once absorbed by 
an organism, remains resident for many years.  
Cadmium concentration in this study ranged 
from <0.01 in upstream to 0.02±0.01 mg/l in 
downstream, respectively. Cadmium concentra-
tions were generally low, close to those re-
ported for unpolluted water. Moreover, the 
metal displayed quite homogeneous distribu-
tions across the sampling area and therefore 
had lower standard deviations, thus suggesting 
a major natural (i.e. indigenous lithologic) 
source. Cadmium was within permissible limit 
in all the samples. Manganese recorded mean 
concentrations of 0.38±0.03 mg/l for sample 
The most common phytotoxic ions that may be 
present in municipal sewage and untreated ef-
fluents are B3+, Cl- and Na+. The mean concen-
trations of Cl- in the Bokro stream were 0.32 
±0.05 mg/l and 0.12±0.02 mg/l, for upstream 
and downstream respectively. This will not 
cause toxicity to sensitive crops. Na+ concentra-
tions were 10.02±0.33 and 13.0±2.81 for up-
stream and downstream, respectively. These 
levels are above the recommended values that 
can cause toxicity problems to sensitive crops 
(Hergert and Knudsen, 1997). 
 
 
Municipal wastewater may contain variety of 
potentially toxic trace elements such as Cd, Cr, 
Cu Pb and Hg.  Even if toxic materials are not 
present in concentrations likely to affect hu-
mans, they might well be at phytotoxic levels, 
which would limit their agricultural use (Asano 
et al., 1985). Table 2 reports the mean concen-
trations and standard deviations of trace metals 
in upstream and downstream of river Bokro in 
Kumasi. Trace metals that were analyzed in the 
samples were Fe, Cu, Mg, Zn Pb Co, Cd and 
Ni. Of all the metals analysed, Fe recorded the 
Table 2: Average concentration of some trace 







val. (mg/l) USW DSW 
Cu 0.03±0.01 0.20±0.17 0.2 
Fe 6.92±0.03 13.9±0.17 5.0 
Mn 0.38±0.03 0.60±0.08 0.2 
Zn <0.01 0.02±0.012 2.0 
Pb <0.01 0.01 0.01 
Co 0.03±0.01 0.05±0.02 0.05 
Cd <0.01 0.02±0.01 0.01 
Ni 0.05±0.02 0.10±0.01 0.2 
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CONCLUSION 
The results indicated that most of the physico-
chemical parameters analysed were within the 
FAO limits for irrigation water and, therefore, 
water from this stream may be suitable for irri-
gation purposes. SAR value indicates that the 
water has no potential to affect infiltration rate 
of water into the soil and no permeability prob-
lems are expected for soils irrigated with water 
from this stream. Self-purification ability of the 
stream revealed that, although the stream has an 
appreciable self-purification capacity, the ca-
pacity is stressed by persistent pollution over-
loads along the cause of water flow by expand-
ing human activities. 
 
REFERENCES 
Abdel-Magid, I. M. and Rowe, D. R., (1995). 
 Handbook of Wastewater Reclamation 
 and Reuse. CRC Press, Inc.  p.550. 
 
Al-Subu, M. M., Haddad, M., Mizyed, N. and 
 and Mizyed, I. (2003). Impacts of Irri-
 gation with Water Containing Heavy 
 Metals on Soil and Groundwater – A 
 Simulation Study. Water, Air and Soil 
 Pollution; 146: (4):141-152 
 
Asano, T., Smith R. G. and Tchobanoglous G., 
 (1985). Municipal wastewater: Treat-
 ment and reclaimed water characteris-
 tics. Irrigation with Reclaimed Mu-
 nicipal Wastewater - A Guidance 
 Manual, G.S. Pettygrove and T. Asano 
 (eds). Lewis Publishers Inc., Chelsea, 
 Mississippi. 
 
Ayers, R. S. and Westcot, D. W. (1994). Water 
 quality for agriculture, FAO Irrigation 
 and Drainage Paper; 29 Rev. 1. 
 
APHA.AWWA, WEF (1998). Standard meth-
 ods for the examination of water and 
 wastewater (20th ed.). Washington, 
 DC: APHA. 
 
Cobbett, C. and Goldsbrough, P. (2002). Phyto-
  
USW and 0.60±0.08 mg/l for sample DSW as 
reported in Table 2. The observed values ex-
ceed the maximum limit for irrigation water of 
0.2 mg/l set by FAO.  Since concentration of 
Manganese above this limit is toxic to a number 
of crops, the expectation would be that continu-
ous use of water from this stream can cause 
phytotoxicity to sensitive crops (Al-Subu et al, 
2003: Ayers and Westcot, 1994). 
 
A mean Cobalt Concentration of 0.05±0.2 mg/l 
was observed in downstream sample and the 
upstream sample also recorded a mean value o f 
0.03±0.01 mg/l. All the samples contain lower 
amount of cobalt except in few samples from 
the DSW where it was below the acceptance 
limit of cobalt which is 0.05 mg/l permitted by 
the FAO. Continuous use of water from DWS 
for irrigation can cause phytotoxicity to sensi-
tive crops such as tomatoes and carrot. Copper 
and zinc are essential nutrients, but at high 
doses they have been shown to cause phytoto-
toxicity to sensitive crops (Cobbett and Golds-
brough, 2002). The mean levels of zinc were 
below 0.01 mg/l and 0.02 mg/l in USW and
DSW samples, respectively. These values were 
below the acceptance limit of zinc which is 2.0 
mg/l permitted by the FAO. Therefore, Zn con-
centration is adequate if the water is used for 
only irrigation purposes. Copper had the mini-
mum mean concentration value of 0.03±0.01 
mg/l in the upstream sample and a maximum of 
0.20±0.17 mg/l in the downstream samples. 
 
Levels of contaminants on upstream samples 
were compared with those recorded in samples 
from downstream using t-test. Most of the pa-
rameters increased in concentration from up-
stream to downstream. This shows that al-
though the stream has self-purification capac-
ity, the capacity is strained by persistent pollu-
tion overloads. The pollution plight of the 
stream is because it is flanked by expanding 
human settlements; institutional and socio-
economic activities are also scattered uncon-
trollably within the communities along its 
banks. 
 
Journal of Science and Technology  © KNUST August 2010 
Evaluation of water from Bokro stream... 141 
James, J. G., Erpenbeck, J. M., Bassett, D. L. 
 and Middleton, J. E. (1982). Irrigation 
 requirements for Washington-
 Estimates and methodology. Res. Bul. 
 XB 0925, Agricul. Res. Cent., Wash
 ington State Univ., Pullman, WA, p 8-
 14. 
 
Kandiah, A., (1990). Criteria and classification 
 of saline water. Water, Soil and Crop 
 Management Practices Relating to the 
 Use of Saline Water. A. Kandiah (ed). 
 AGL/MIC/16/90. FAO, Rome, p 11-
 12. 
 
Keraita, B., Drechsel, P., Huibers, F. and   
 Raschid-Sally, L. (2002). Wastewater 
 use in informal irrigation in Urban and 
 Peri-urban areas of Kumasi, Ghana. 
 Urban Agriculture Magazine, p 2-4.  
 
Morishita T. (1988) Environmental hazards o f
 sewage and industrial effluents on  i r -
 rigated farmlands in Japan. Ch. 6, 
 Treatment and Use of Sewage Effluent 
 for Irrigation. M.B. Pescod and A. 
 Arar (eds). Butterworths, Severoaks, 
 Kent. 
 
Niemczynowicz, J. (1996). Megacities from a 
 water perspective. Water International, 
 21 (4):198-205. 
 
Richards, L. A. (1954). Diagnosis and improve-
 ment of saline and alkali soils. USDA 












 chelatins and metallothioneins: Roles 
 in heavy metal detoxification and ho-
 meostasis. Annual Review Plant Biol-
 ogy; 53:159-182. 
 
Davidson, H., Mecklenburg, R. and Peterson, 
 C. (2000). Nursery Management Ad-
 ministration and Culture. Prentice hall, 
 Upper Saddle River, NJ. p. 68. 
 
Department of water affairs and forestry,
 DWAF. (1992). Analytical methods 
 manual TR151. Hydrological Re-
 search Institute, DWAF, Pretoria. 
 
Drechsel, P., Graefe, S.,  Sonou, M.  and Cofie, 
 O. (2006). Informal Irrigation in Ur-
 ban West Africa: An Overview. IWMI 
 Research Report EPA-USAID,(2004). 
 Guidelines for water reuse. US 
 Environmental Protection Agency. 
 EPA/625/R-04/108, Washington, D.C. 
 
FAO, (1985). Water quality for agriculture;  I r -
 rigation and Drainage Paper 29 Rev. 1. 
 FAO, Rome, p.174 
 
Fatoki, O. S. and Mathabatha, S. (2001). An  as-
 sessment of heavy metal pollution in
 the East London and Port Elizabeth 
 harbours. Water SA. 27(2): 233-240. 
 
Hergert, G. W. and Knudsen, D. (1997) Irriga-
 tion Water Quality Criteria; G328 un-
 der: Water Resource Management A-
 6, Water Quality  
 
 
 
 
 
 
 
 
 
 
 
 
